The current aging trends accompanying the increasing prevalence of multiple chronic conditions (MCCs) and decreasing participation in physical activity (PA) have swept the United States. In light of the magnitude of this phenomenon, this study seeks to identify the most common MCC combinations and their relationships with PA level. A cross-sectional study, Brazos Valley Health Assessment, was conducted between October 2009 and July 2010. All data analyses were performed by STATA 12.0. The overall sample which met the inclusion criteria is 2,603. Among people older than 45 years, chronic conditions of cardiovascular, endocrine, and musculoskeletal systems were the most prevalent. Participants with three chronic conditions were less likely to meet the PA standard than those with only two chronic conditions. Younger age, women, rural residence, and unsafe environments were related to the lower PA level. After adjusting for seven covariates, all MCCs combinations adversely affect the level of PA (OR < 1.0, < 0.05). People with MCCs were among the least active subgroups despite the health benefits of doing exercise. Given the welldocumented benefits of physical activity for delaying the onset or progression of MCCs, public health efforts to enhance regular PA in middle-aged and older adults are recommended.
Introduction
As seen globally [1] , the population in the US is aging [2] . There were approximately 120.1 million adults aged 45 years or older (39.30% of the total US population) in 2011, and this number is expected to rise to 162.8 million (42.96% of the total US population) by 2030 [3] . The rapid escalation of the aging population has been accompanied by an increase in the prevalence of multiple chronic conditions (MCCs) [4, 5] .
The recent national emphasis on MCCs (defined as two or more chronic conditions) can be attributed, in part, to studies documenting the association of MCC with increased risks of adverse health outcomes, higher health care use, and associated costs [6] [7] [8] . Recent national data reported that around 63 million Americans had MCCs, and this number is projected to grow to 81 million by 2020 [9, 10] . For people aged 45-64 years old, the percentage of adults with two or more of nine selected chronic conditions has increased 5 percent from 1999 to 2009 [11] . This number is more than 8 percent for the group of people older than 65 years of age. The prevalence of MCCs in Medicare or veteran populations has been further explored. Two-thirds of Medicare beneficiaries (around 21.4 million) had at least two or more chronic conditions which were associated with more hospitalizations, doctor visits, home health services, ER visits, and hospital readmissions [6] . Also their average Medicare spending is higher than the spending of beneficiaries with less than one chronic condition. The mean number of chronic conditions (out of 23 selected conditions) in veterans aged 65 and older was found to be 5.5 for men and 5.1 for women [12] .
Both hypertension and hyperlipidemia were presented in the 9 of the 15 most prevalent triplets (i.e., a combination of three conditions).
Concurrently, the lack of physical activity (PA) is well recognized as a risk factor for chronic diseases [13] . It is likely that even more Americans will fail to meet national PA guidelines (e.g., being active for at least 30 minutes of moderate intensive activity for most days of the week) in the decades to come as the population ages [14, 15] . While PA is important for health promotion and disease prevention across individual's life course, older adults have less engagement in PA than younger age groups [16] [17] [18] . The percentages of adults participating in PA that met the national physical activity guidelines were 19.2% among people aged 45-54 years, 15.9% 55-64 years, 13.6% 65-74 years, and 7.3% 75-84 years, but only 4.0% among people aged 85 years and older [19] . Findings from these national statistics conclude that older people have lower levels of PA. The latest data from Behavioral Risk Factor Surveillance System (BRFSS) also noted that the percentage of no leisure-time physical activity (LTPA) is the highest in the oldest age group as compared to the younger age groups [20] . Multilevel policies are recommended to promote physical activity [7] .
The provision of the new American health care reform law, the Patient Protection and Affordable Care Act (PPACA), supports the development and implementation of new approaches to help patients manage multiple chronic conditions [21] . Insufficient PA has been identified as a major risk factor for the onset and progression of multiple chronic conditions [22] . But the level of PA conducted by people with MCCs has not been specifically studied. The majority of prior studies focus on the relationship of single chronic condition such as diabetes or chronic obstructive pulmonary disease (COPD) and levels of PA in comparison to those without any chronic conditions [23, 24] .
Only a few empirical studies address the relationships between MCCs and the engagement in or barriers to PA. For example, symptoms of one of chronic conditions or lifestyle behaviors that interfered with another condition/behavior often impede the population with MCCs from doing exercise [25] . One participant could not exercise for diabetes due to the difficult breathing, a syndrome of the asthma. One qualitative study suggests that long-term limitations on activity accompanying their MCC were the strongest barrier to PA participation [26] . These long-term physical symptoms consisted of pain/discomfort, fatigue/dizziness, weakness/lack of strength, shortness of breath, and poor balance. Other barriers found include poor-to-average self-rated general health, lack of social support, and transportation issues [27] .
None of previous studies identify which combination of chronic conditions contributes the most to reduced engagement in PA. Further, there has been relatively little research conducted on MCCs which are grounded in a personbased perspective rather than a disease-based perspective. Previous studies primarily regard multiple chronic conditions or syndromes as a whole or a single concept. Nevertheless, different combinations of MCC should have different impacts on a person's quality of care and quality of life. Therefore, this study examines how the top three prevalent combinations affect the PA level of middle-aged and older adults.
There is a critical need to address the relationships between MCCs and involvement in PA and to identify whether there is a specific pattern of MCCs that is associated with different amounts PA involvement, controlling for other known correlates of PA. To address the current dearth of information in this area, three research objectives were proposed to (1) explore the prevalence of all types of MCC, (2) analyze the relationships between the top three prevalent combinations of MCC with the PA level and personal characteristics of middle-aged and older adults, and (3) examine the impacts of MCC on the PA level with controlling personal characteristics. 
Methods

Survey Design and Study Sample.
From a comprehensive list of residential addresses, 15,000 households were randomly selected, and 10,501 were reached by phone [28] . Residents willing to participate in the survey received the survey instrument primarily in English, instructions, and a self-addressed stamped envelope. Overall, 5,362 agreed to complete a survey, and 3,360 households returned a complete survey (62.6%). For purpose of this study, we focused on participants who were at least 45 years old and who had at least one chronic condition. The data of 2,603 residents meeting the inclusion criteria was analyzed with the approval of Institutional Review Board at the Texas A&M University.
Dependent Variable: Level of Physical Activity (PA).
In the survey, physical activities were categorized into moderateand vigorous-intensity types. Descriptions of moderate activity (e.g., brisk walking) and vigorous activities (e.g., running) were provided to help respondents anchor their responses. The research participants were asked how many days per week they did moderate and/or vigorous activities for at least 10 minutes at a time. They were also asked how much total time per day they spent doing these activities. Through multiplying both answers (i.e., days per week and minutes per day), we obtained the total minutes of physical activities they participated in every week. The 2008 Physical Activity Guidelines for Americans recommends adults to have at least 150 minutes of moderate-intensity aerobic activity or at least 75 minutes of vigorous-intensity aerobic activity every week [22] . According to this guideline, the research participants were divided into two groups: one group who met the standard and another who failed to meet the PA national standard for adults.
Independent Variables: Combinations of Chronic Conditions.
A chronic condition is a condition that requires ongoing medical services and is slow in its progress and long in its continuance [30, 31] . The survey participants were asked about whether they have been told by a medical care provider that they had any of the 21 selected conditions by circling yes or no. The 21 conditions could be classified into (1) central nervous system (e.g., depression, anxiety, developmental or learning disability, Parkinson's disease, and other mental health issues), (2) cardiovascular system (e.g., hypertension, congestive heart failure, high cholesterol, angina, heart attack, and stroke), (3) respiratory system (e.g., asthma and emphysema/chronic bronchitis/COPD), (4) endocrine system (e.g., obesity/overweight, diabetes, skin cancer, and nonskin cancer), (5) musculoskeletal disorders (e.g., arthritis/rheumatism), (6) genitourinary disorders (e.g., a disease of liver/cirrhosis/chronic hepatitis), and (7) gastro intestinal tract (e.g., inflammatory bowel disease/ulcerative colitis and stomach ulcer).
This study defines MCC as a health status in which patients experience symptoms of two or more systems of chronic systems (e.g., the combination of central nervous system and cardiovascular system) rather than counting up all the specific cardiovascular related conditions separately. In other words, this approach takes a system rather than a disease-specific approach. The numbers and percentages of all combinations were estimated among the research participants aged 45 years or older. Also this study addressed the characteristics and PA involvement of the top three combinations, including the combination of cardiovascular and endocrine system ( = 293), the combination of cardiovascular and musculoskeletal systems ( = 143), and the combination of cardiovascular, endocrine, and musculoskeletal systems ( = 239). These three combinations were defined to be exclusive to each other and hence reflect three different groups of participants.
Covariates.
Characteristics of participants and environmental factors are covariates in the analysis model. Questions about personal characteristics and environmental factors were asked and employed as covariates in the regression models. Self-reported personal characteristics include age (i.e., 45∼64 or above 65 years old), gender (i.e., male or female), the highest grade of education (i.e., less than high school, high school, or higher than high school), race/ethnicity (i.e., non-Hispanic White, African American, Hispanic, or other races such as Asian, Black, or Native American), and residence (i.e., rural or urban areas). Participants were also asked about the accessibility and safety to engage in PA in the neighborhood defined as the area all around their homes that they could walk to in 10-15 minutes. Accessibility refers to three questions about whether there were sidewalks, shops/stores, and recreation facilities in the neighborhood. Safety refers to three questions about whether participants themselves or their neighbors could feel free to do activities or walk outside. A scale was constructed giving one point for each "yes" response. A higher total score indicates more walkable and activity friendly neighborhood.
Analysis.
Descriptive statistics were used to describe each study variable and reflect the first research objective. A correlation matrix was performed between two independent variables to test for multicollinearity. Bivariate analyses were conducted to respond to the second research objective, examining the associations between the PA level and personal characteristics, environmental factors, and combinations of chronic conditions. To achieve the third research objective, the logistic regression model was used to explore the associations between disease combinations and the PA level adjusting to seven covariates. Results were expressed as coefficients with their values and 95% confidence intervals. Two-tailed values less than or equal to 0.05 were considered statistically significant. All statistical analyses were performed using the STATA version 12.
Results
Selection of Top 3 Prevalent MCCs.
Overall, there were 2,603 adults aged 45 years or older. Multiple chronic conditions refer to a health status with chronic illnesses of two or more systems. Any two of 21 diseases selected in this survey could form 210 combinations, while any three of 21 diseases could form 1,330 combinations and so on. Among the combinations of two chronic conditions, the most prevalent one combined chronic problems is the cardiovascular and endocrine systems ( = 293, 11.26%, assigned as the group 1), followed by a combination of cardiovascular and musculoskeletal systems ( = 143, 5.49%, assigned as the group 2). Among the combinations of three chronic conditions, the most prevalent one is the combination of the cardiovascular, endocrine, and musculoskeletal systems ( = 239, 9.18%, assigned as the group 3). Other combinations do not account for more than 5% of the total participants, and so this study further analyzed participants' level of PA, demographics, and environmental factors only in those three groups.
Description of Participants in Total and in Different Type of MCC.
A basic frequency distribution confirmed the completeness of our data with no variable having more than 5% of missing values ( Table 1 ). The total number in Table 1 refers to all participants meeting the age inclusion criteria other than the three defined MCC groups. As indicated in Table 1 , around half of our participants ( = 1,300) met the PA standard, but another half did not ( = 1,303). The group 3, representing those with three conditions, was least likely to meet the PA standard (46.44%). Overall, 45 .02% of research sample are older than 65 years, 68.92% are women, 55.86% have received education more than the high school level, 80.95% are non-Hispanic White, 68.42% are living neighborhood to be unsafe ( 2 = 4.00, = 0.046), and report chronic conditions in the three systems ( 2 = 10.34, = 0.016). Table 3 shows the relationship between the level of PA and three MCC combinations (group 1: cardiovascular and endocrine systems; group 2: cardiovascular and musculoskeletal systems; group 3: cardiovascular, endocrine, and musculoskeletal systems) using people who had zero or only one chronic condition to be the reference group. Controlling for seven covariates, people with any type of MCC had lower level of PA involvement (Odds Ratio = 0.721 for the group 1, 0.664 for the group 2, and 0.515 for the group 3; < 0.05). The odds of meeting the PA standard were 0.721 times for people in the group 1 compared to the odds for those having zero or only one chronic condition. Similarly, the odds of meeting the PA standard for the groups 2 and 3 were smaller than for the people without multiple chronic conditions.
Relationships between PA Level and Each Type of MCC.
Discussion
With age, the percentages of people ever diagnosed with chronic diseases are increasing [20] . As in previous studies [32] , chronic problems with respect to the musculoskeletal system (e.g., arthritis), cardiovascular system (e.g., hypertension), and endocrine system (e.g., diabetes) are the most prevalent found in this community assessment of middleaged and older adults. Conditions related to the cardiovascular system were part of all three MCC groupings reflecting their especially high rates among our survey respondents. Public awareness campaigns and lifestyle interventions for lifetime risks of cardiovascular diseases such as smoking cessation, healthy diets, and active living are warranted to reduce the magnitude of cardiovascular conditions [33] . Simultaneously, the current aging process is accompanied by significant declines in the participation of physical activity [34] . This study finding is consistent with the report of a national survey, Behavioral Risk Factor Surveillance System (BRFSS), that only half of people older than 45 years have participated in 150 minutes or more of aerobic physical activity per week [20] .
In this study, percentages of meeting the PA standard were lowest for people with a combination of conditions in three different systems. Warshaw in 2006 also reported that the activity limitations increase with the number of chronic conditions [35] . Not surprising, there are higher percentages of people older than 65 in the groups 2 and 3 which both include the chronic problem of musculoskeletal system confirming the well-cited age association with musculoskeletal problems [36] . On the other hand, there are higher percentages of male participants in the groups 1 and 3 which both have the chronic problem of the endocrine system. This finding is in line with another literature that male adults are more vulnerable to diabetes than their female counterparts [37] . Future research is recommended to explore how age and gender, interacting with over covariates, affect the onset and progression of musculoskeletal and endocrine conditions.
The policy implication (increase physical activity involvement) of this study is one of the focuses in the PPACA which encourages the development and implementation of interventions to care for older adults with MCC [5, 35] . Next, the findings of this study are consistent with the literature that female gender, rural residence, and no safe environments to do exercise were the risk factors of meeting the PA standard [14, [38] [39] [40] . However, people older than 65 years in this survey are more likely to meet the PA standard than middleaged adults which is contrary to the findings of previous studies [19, 20, 41] but might be a reflection that older adults have more time for leisure activity. Education level, race, and accessibility do not show significant association with the level of PA. This might be due to the different demographic distribution of this Community Health Assessment from other national survey (e.g., this assessment represented more rural areas).
This research adds to the scant knowledge on the relationship between three MCC combinations and the PA participation among middle-aged and older adults. This study suggests that chronic conditions might impede people from participating in physical activity regardless of a person's age, gender, education, race, and residence, as well as accessibility and safety of the neighborhood. One study provides a good example that women with chronic diseases were less active despite the health benefits of doing exercise [38] .
The research results related to a seven-county region in Central Texas and may not allow for generalizability to all US populations. Additionally, the self-reported responses on both physical activity and chronic conditions might be subject to bias relative to more objective measures such as physician reports. Given these limitations, longitudinal work must also be conducted to determine the causal association between the MCCs and PA level using more objective measures. More efforts are also needed to develop and tailor appropriate PA programs to people with multiple chronic conditions [42] .
Conclusions
In the face of rapidly escalating aging populations along with age-related declines in physical, cognitive, and/or social Journal of Aging Research 7 functions, regular physical activity has been recognized as one of the most important factors impacting the aging process [14, 43] . Over the past two decades, medications prescribed to prevent the complications or treat the symptoms of chronic illnesses have increased rapidly [35] . Multiple chronic conditions that lead to the loss of independence, quality of life, and economic costs will continue to strain the US healthcare system [5, 9] . The findings of this Community Health Assessment reported the three most common MCC combinations and levels of physical activity for respondents in each of these groupings. To support the goal of successful aging [44, 45] , endeavors to help middle-aged and older adults maintain regular physical activity are critical. Meanwhile, additional interdisciplinary research including medical, social, health behavioral, and environmental areas is needed to advance this field.
